The importance of disorders of the sinoatrial pacemaker in producing disturbances of cardiac rhythm has become increasingly recognized by cardiologists in recent years (Moss and Davis, 1974) . The resulting disturbances of rhythm have been collectively termed the 'sick sinus' syndrome. Patients with this disorder may present to a neurologist with recurrent episodes of altered consciousness, dizziness, or syncope. Diagnosis may be difficult unless cardiac monitoring facilities are available, especially when the routine electrocardiogram is normal. Embolism is an important complication occurring in 15-20% of cases and cerebral infarction is the most common outcome (Rubenstein et al., 1972; Fairfax, Lambert, and Leatham-submitted for publication 1976) .
The majority of cases of the sick sinus syndrome are of unknown or of ischaemic aetiology. This syndrome occasionally develops in patients with neuromuscular diseases and has been reported in dystrophia myotonica (Radford and Julian, 1974) , facioscapulohumeral dystrophy (Bloomfield and Sinclair-Smith, 1965; Caponnetto et al., 1968) , scapuloperoneal dystrophy (Thomas et al., 1972) , and Friedreich's ataxia (Thery, 1975) . Sinoatrial disorder is also recognized in the Jervell and Lange-Nielsen syndrome in which congenital deafness is associated with syncope, a characteristic electrocardiogram, and sudden death from cardiac arrest (Schwartz et al., 1975) .
In this paper the presenting features, symptomatology, and frequency of neuromuscular associations of a group of patients with sinoatrial disorders are analysed. Diagnostic difficulties which may be encountered are illustrated by two case histories.
METHODS
One hundred patients attending cardiac clinics at St George's Hospital and the National Heart Hospital were studied (Table) . All had documented, unexplained sinus bradycardia (heart rate less than 60 beats/minute) or sinoatrial arrest as a dominant feature. In some patients, this was associated with attacks of atrial tachycardia, flutter, and fibrillation (Rubenstein et al., 1972 (Dubowitz and Brooke, 1973) .
RESULTS
The series included 51 men and 49 women with a mean age of 64.7 years at the time of study (range 17-93 years). The age of onset of the disorder is given in Fig. 1 . In 75 patients no cause was found for the arrhythmia. Fifteen patients had symptoms suggesting the presence of ischaemic heart disease. In three cases, damage to the sinus node followed heart surgery. Two of the youngest patients, aged 17 and 20 years, were brothers. Although no other members of the family were apparently affected, it was thought that the disorder was hereditary (Spellberg, 1971) .
In one patient, a 40 year old woman, sinoatrial disorder and atrioventricular heart block were features of cardiomyopathy associated with a limb-girdle muscular dystrophy which had become evident in childhood. Further details of this case are reported elsewhere (Lambert and Fairfax, 1976) .
The presenting features are summarized in the Table. Syncope was the most common presenting feature occurring in 34 cases; in addition, a further 39 patients subsequently developed this symptom. Dizzy attacks were noted by 83 patients at some stage. The most common cardiac symptom was recurrent palpitation. In 11 cases a slow pulse had been found incidentally before any symptoms developed. To illustrate particular diagnostic difficulties, two case histories are described in detail.
CASE 1
A healthy 58 year old man presented as an emergency after a series of five blackouts on the morning of admission. Three months previously, episodes of light-headedness with facial pallor had developed; these became more severe, sometimes resulting in loss of consciousness. A similar blackout 15 years earlier had been regarded as epileptic and treatment with phenobarbitone instituted. There was no history of angina pectoris. I 0-4 5-9 10-15-20-25-30-35-40-45-50-55-60-65-70-75- (Fig. 2) , the resting heart rate was 75 beats/minute, accelerating normally with exercise and infusions of isoprenaline and atropine, and slowing with carotid sinus massage.
An attack was documented in the cardiac monitoring unit: at the onset, there was progressive slowing of the heart to 37 beats/minute, followed by complete atrial and ventricular asystole producing transient loss of consciousness. Treatment by temporary endocardial pacing was instituted and a paced-beat counter showed that the heart rate was falling below 40 beats/minute between 10 to 15 times in a 24 hour period, mainly at night.
In view of a family history of ischaemic heart disease, coronary arteriography was performed. 
DISCUSSION
The symptoms observed in sinoatrial disorder are predominantly episodes of disturbance or loss of consciousness, and are similar to those which occur in atrioventricular conduction defects. Both disorders predominantly affect patients in the sixth to eight decades of life, and both are now readily treatable by cardiac pacemaker implantation. The differential diagnosis in the elderly includes vertebrobasilar ischaemia, epilepsy, transient cerebral ischaemic attacks, and carotid sinus syncope.
Van Durme (1975) has provided evidence that many cases of cardiac rhythm disturbance are undetected by conventional means. He studied 95 patients who had presented with dizzy spells or syncope for which no cause was found on neurological or cardiological examination. The resting electrocardiogram showed a normal sinus rhythm in two-thirds of these patients. A portable, continuously recording electrocardiogram (Holter, 1961) , however, showed that disturbances of cardiac rhythm, including unsuspected sinoatrial disorder, accounted for the symptoms of half of this group of patients. The normal electrocardiogram between attacks in some cases of sinoatrial disorder contrasts with that seen in intermittent atrioventricular heart block in which evidence of a peripheral conduction disturbance is usually present in the periods of sinus rhythm.
Although the hallmark of sinoatrial disorder is a sinus bradycardia refractory to drugs or exercise, case 1 illustrates that in the early stages of the disease bradycardia may be intermittent, and the heart may respond normally to chronotropic stimulation. Sinoatrial arrest may oCcur in isolation, or, characteristically, after a run of tachycardia (Fig. 3) . Supraventricular tachycardia is a feature of sinus node dysfunction (but not of atrioventricular heart block) and this accounts for the frequency of palpitation in these patients. The alternation of slow and fast heart rates has given the disorder the alternative name of 'brady-tachy' syndrome (Short, 1954) .
The majority of cases of sinoatrial disorder are of unknown aetiology (Pomerance and Davies, 1975) , and there are few published postmortem studies. Ischaemic heart disease accounts for those cases in which the sinus node artery (an end-artery) is occluded during myocardial infarction (Rossi, 1962; Lippestad and Marton, 1967) , but no vascular abnormality was found in a recent postmortem series (Brownlee et al.. 1975) . Davies and Pomerance (1972) have shown that the sinus node and atrial musculature undergo degenerative aging changes, and these may explain some cases of sinoatrial block in the elderly. Thery (1975) has pointed out that in his cases of sinoatrial block there was always complete destruction of the sinus node at necropsy. His series included one patient with Friedreich's ataxia and cardiomyopathy in whom the sinus node was destroyed by haemorrhage, fatty degeneration, and fibrosis. A high incidence of sinoatrial dysfunction has been reported in the cardiomyopathy of dystrophia myotonica (Perloff, 1973) . The patient in our series with limb girdle muscular dystrophy also had evidence of a diffuse cardiomyopathy, with impairment of function both of the contractile myocardium and of the sinoatrial pacemaker and peripheral conducting tissues. It is evident from this study that neuromuscular disease accounts for a very small minority of patients with sinoatrial disorder, and that in the remainder of cases there is no evidence of skeletal muscle pathology. 
